As part of a study of the pathogenesis of secondary amyloidosis it became apparent that more precise knowledge of the components of amyloid substance would be necessary to determine the sources from which these components come and the reasons for their appearance.
Although previous studies have indicated that amyloid substance is predominantly protein (1, 2) , with a lesser amount of carbohydrate (3, 4) , the exact amount and nature of the carbohydrate moiety has not been defined. One reason for this is that amyloid, because of its relative insolubility, is difficult to extract from tissues. Those extracts which have been obtained yielded material which may have been quite different from amyloid in the natural state. Furthermore, it is difficult to identify amyloid in a given fraction since its only identifying characteristics, its affinity for Congo-red, metachromasia, and site of deposition, *are no longer present.
The finding of an almost pure amyloid deposit at post mortem examination in a patient presented an excellent opportunity to determine the chemical composition of amyloid, unaltered by extraction procedures, and to obtain quantitative information on some of its components. In addition, similar studies were made on other tissues with and without amyloid to test the correlation between the concentrations of some of the components and the concentration of amyloid as estimated from histological examination.
MATERIALS AND METHODS

Materials
The relatively pure amyloid deposit was found in the liver of a 27-year-old white female dying of longstanding 1 This is publication No. 185 of the Robert W. Lovett Memorial for the Study of Crippling Diseases, Harvard Medical School, Boston, Massachusetts. Grants in support of these investigations have been received from the Commonwealth Fund, New York City, and from the Milton Fund of Harvard University. 2 Public Health Service Postdoctoral Research Fellow of the National Institute of Arthritis and Metabolic Diseases. pulmonary tuberculosis and secondary amyloidosis of the liver, spleen, and kidneys. This lemon-sized tumorlike mass was firm and waxy in appearance and on histological examination appeared to consist almost entirely of amyloid substance. This substance exhibited the following histochemical staining properties: It stained slightly eosinophilic with hemotoxylin and eosin, exhibited metachromasia with methyl violet, had a strong affinity for Congo-red, a positive reaction with periodic acid-Schiff's reagent, and stained yellow with Verhoeff's elastic tissue stain with Van Giesen's counterstain. Schultz's stain for cholesterol, the Sudan III stain for fat, Baker's acid hematin stain for phospholipins and Feulgen's stain for desoxyribose nucleic acid were negative. Aside from the amyloid, some connective tissue and liver cell nuclei were seen. It was estimated that about 90 per cent of the tissue was amyloid substance.
The other tissues included in this study are listed in Table I , with their sources, and the approximate amount of amyloid present as judged from histological examination. All of the amyloid specimens represented secondary amyloid. The tissue labeled "BC" was the liver in which the amyloid deposit was found. Methods 1. Water content: As soon as possible after obtaining the tissues, the water content was determined in duplicate by drying approximately 300 mgm. of tissue in vacuum over P205 at 1100 C. overnight. All tissues were then placed in sealed bottles and deep frozen and specimens for analysis were cut without thawing. The tissues used in chemical studies were dried in vacuum at 1100 C., and then pulverized. At the same time that portions of this powdered sample were removed for analysis, the water content of an aliquot was determined. (5) . The hexosamines and amino acids were separated from the neutral sugars and uronic acids by passing the acid hydrolysate of the tissue through a Dowex 50 ion exchange column. The neutral sugars and uronic acids, not being adsorbed by the resin, were obtained in the water wash; the hexosamines were adsorbed by the resin and finally eluted by 2 N HCl. The 4 . Neutral sugars: The neutral sugars obtained by the method outlined in the preceding paragraph were determined by the anthrone method of Loewus (6) . As the color intensity of anthrone-sugar complexes varies with the sugar, the neutral sugar content must be expressed in terms of those sugars present in the sample. Inasmuch as the amyloid deposit contained approximately equal amounts of glucose and galactose, the per cent of neutral sugar of all the tissues in this study was calculated on this basis (as the non-amyloid tissues contained more glucose than galactose, the true values 4 Obtained from the Worthington Chemical Corporation.
for these tissues is slightly less than indicated). Optimal hydrolysis conditions with HCl were again determined by varying both normality and time of hydrolysis. This anthrone method was also applied directly to the dried, powdered, unhydrolyzed amyloid tissue (7). Glucose, galactose, mannose, and ovomucoid (10 per cent mannose) were used as standards.
Uronic acids:
The uronic acid content of the water wash obtained above was determined by the napthoresorcinol method of Fishman, and his co-workers (8) recently modified as follows: To 3 cc. of the sample were added 2 cc. of .4 per cent naphthoresorcinol, and 2 cc. of 18 N H2SO4. This was heated in an unstoppered test tube for one and one-half hours on a steam bath. The optical density of the toluenie extracted pigment was read at 575 miA. The optical hydrolysis conditions of the tissue with HCI were again determined by varying the normality and time of hydrolysis. The naphthoresorcinol method was applied as well to the dry, powclered, unhydrolyzed amyloid tissue. Glucuronolactone and galacturonic acid were used as standards.
6. Amtino acids and inorganic elements: Quantitative determinations of hydroxyproline (9), tyrosine (10), glycine (11), ash, total phosphorus 5 and total sulfur,5 were made by standard methods.
7. Chromatography: The identification of the carbohydrate components was carried out by paper chromatographic methods. For the neutral sugar identification samples of approximately 50 mgm. were hydrolyzed with both HCl and H2SO4 in varying strengths and times. The optimal hydrolysis conditions were: hydrolysis with 4 N HCl for two hours at 1000 C., removal of the excess HCl with AgCO3, then passage of the filtrate through a Dowex 50 ion exchange column. The water wash was evaporated to dryness under nitrogen on a steam bath and dissolved in small amounts of 50 per cent ethanol in water for application to the pal)er. Three separate techniques and solvent systems wrere used: descending partition with butanol-ethanol-water (4: 1: 1), for 44 hours, and multiple ascendinig development (12) with butanol-pyridinewater (6: 4: 3), and witlh etlhylacetate-acetic acid-water (3: 1: 3). Both ammoniacal silver nitrate and analine phthalate were used to develop the chromatograms.
Preparation of the sample for hexosamine chromatography was identical with that for neutral sugars except that hydrolysis was longer (six hours) and the hexosamine was eluted from the resin columnl with 2 N HCl. The sample was evaporated to dryness on a steam bath under nitrogen. The paper chromatographic procedure consisted of partition of the hlexosamines in butanol-ethaniol-water (4: 1: 1), conversion of the hexosamines to their characteristic pentoses witlh ninhydrin, and theni partition in a second dimension, as described by Stoffyn and Jeanloz (13) . Some trailing of the hexosamines occurred during the first partition in this solvent system, but should niot prove objectionable; for there are no known substani-es other than hexosamines which have a very low Rf in this solvent system, that may be converted by ninhydrini into pentoses which have a relatively high Rf in the same solvent system.
The relative amounts of the monosaccharides identified by these chromatograms were estimated directly with an A. H. Thomas Company Densigraph. Standard monosaccharides were prepared in the same fashion as the samples for identificationi of the unkniownis and for densimetric comparison.
RESULTS
The water concentration of the amyloid deposit was 82.8 per cent. This figure corresponded with a water concentration of 77.1 per cent for the liver in which the specimen was found, suggesting a hydrophilic nature of this substance. Moreover, two of the three amyloid livers from horses exhibited water concentrations above the range of 5 The phosphorus and sulfur determinations were performed by Dr (5), however, have suggested that the optimal hydrolysis for hexosamines in liver tissue occurs at eight hours, at least one determination for each tissue was done at this time, and if only one hydrolysis was performed, it was for eight hours. As can be seen in Table I , the hexosamine concentration of amyloid containing livers was not only slightly higher than that of non-amyloid livers but also proportional to the amount of amyloid present. The range of values for the non-amyloid livers agreed well with that reported by others (5) for normal humans.
The uronic acid concentration of the deposit, obtained in maximum yield by hydrolyzing with 2 N HCI for two hours, was .60 per cent. This value was in close agreement with the .57 per cent obtained by direct determination on the powdered unhydrolyzed amyloid tissue. There appears to be no significant difference between the values of the amyloid tissues and the non-amyloid tissues listed in Table I .
The total phosphorus concentration of the deposit was .03 per cent of dry weight (5.1 mgm.
per cent of wet weight) as compared to .67 per cent (153 mgm. per cent wet weight) for the liver tissue "BC" in which the deposit was found. The total phosphorus concentration of a non-amyloid liver "We" was .84 per cent (219 mgm. per cent wet weight). The total sulfur concentration of the deposit was .86 per cent of the dry weight. The ash content was 3.2 per cent of the dry weight.
Chromatographic studies of the neutral sugar fraction of the amyloid deposit hydrolysate showed that approximately equal amounts of glucose and galactose were present (see Figure 1 ) and accounted for the major portion of the neutral sugars. This finding was consistent with three different solvent systems. In addition reducing substances corresponding to mannose, fucose, and arabinose were detected in small quantities in those chromatograms developed with ethyl acetateacetic acid-water. Two other faint spots with low Rf values and one with a high value were noted but could not be further identified.
Chromatographic identification of the hexosa- The lover spots oni the figure are arabiniose from glucosamiiie and lyxose from galactosamine. present in a molecular ratio of approximately 4 to 1 (see Figure 2) .
The concentrations of a few amino acids as determined by colorimetric methods were: hvdroxyproline 1.5 The low total phosphorus concentration of the amyloid deposit was far below that found in the liver tissue surrounding the tumor, and was below that which would be expected were nucleic acid present in the same concentration in amyloid as in normal liver (normal human liver contains 85 mgm. of nucleo protein phosphorus per 100 gm. of wet weight, [18] ). One would infer, therefore, that amyloid is probably not formed by mere coalescence of cytoplasmic and nuclear proteins of the liver into a homogeneous mass.
SUMMARY
The chemical composition of a relatively pure amyloid deposit obtained from the liver of a patient dying of tuberculosis and secondary amyloidosis has been studied. 1. Data are presented that indicate that it was predominantly a hydrophilic protein.
2. There were approximately 2 per cent of neutral sugars of which the main constituents were equal amounts of glucose and galactose.
3. The hexosamine concentration was 1.5 per cent. Both glucosamine and galactosamine were identified by chromatographic methods with the former predominating.
4. About .6 per cent of uronic acid was also found. 5 . The total phosphorus concentration of this deposit was much less than that found in the sturrounding liver tissue. 6 . Observations of other human and horse livers both with and without amyloid, suggest that the hexosamine concentration and amyloid concentration were related.
